I. Introduction
"For all the happiness mankind can gain is not in pleasure but in rest from pain"-John Dryden. 1 The International Association for the Study of Pain defines pain as an "unpleasant sensory and emotional experience associated with actual damage or potential tissue damage or described in terms of such damage". 2 From time immemorial, attempts were made to relieve the pain of surgical intervention by various means. The role of peripheral nerve block (PNB) has expanded from the operating suite into the arena of postoperative and chronic pain management.
The supraclavicular technique was used by Kulenkampff in 1912 revealed that the nerves supplying the arm and the forearm are geographically grouped closely together in the brachial plexus and a single injection could provide analgesia for the whole limb. 3 This technique avoids all complications of general anaesthesia like interference with general body physiology, stress response to intubation, loss of protective reflexes and operation theatre pollution. Numerous routes to perform brachial plexus block have been described, like Supraclavicular, Interscalene, Infraclavicular and Axillary. The supraclavicular route was used in this study as it is easy to perform, small volume of local anaesthetic solution is required as three trunks are compactly arranged resulting in a rapid onset of reliable blockade. Lanz et al(1983) showed that blockade of the brachial plexus with a supraclavicular technique directed near the first rib provides the most reliable, uniform, and predictable anaesthesia for the upper extremity. 4 Since the introduction of first brachial plexus block using cocaine by Halstead (1884) the technique of brachial plexus block has evolved from classical blind technique to use of nerve stimulators and ultrasound guidance for supraclavicular brachial plexus block. 5 Ropivacaine is a long-acting amide local anaesthetic with a potentially improved safety profile when compared to bupivacaine. 6, 7 Ropivacaine is less lipophilic than bupivacaine and is less likely to penetrate large myelinated motor fibres, resulting in a relatively reduced motor blockade. Ropivacaine has a greater degree of motor sensory differentiation. It has selective action on the pain-transmitting α, β and C nerves rather than Aβ fibres, which are involved in motor function. Various studies have investigated several adjuncts, including opioids 8 , clonidine 9 , neostigmine 10 , hyaluronidase 11 and dexamethasone. 12, 13, 14 Dexmedetomidine, the newer drug, is a potent α2 adrenoceptor agonist, and about eight-times more selective towards the α2 adrenoceptor than clonidine. 15, 16 In previous clinical studies, administration of intravenous dexmedetomidine has shown to produce significant opioid sparing effects as well as a decrease in inhalational anaesthetic requirements. 17 In humans, it has been used in various strengths as an adjunct to local anasthetics to prolong post-operative analgesia in various peripheral blocks 18, 19 . A study done by Anjan das et al using dexmedetomidine 100 µg and ropivacaine 0.5% concluded a significant prolongation of time of block and duration of analgesia. 20 This study formed the basis of our study and the current study was designed to further confirm the hypothesis that dexmedetomidine when added as an adjuvant to 0.5% ropivacaine in supraclavicular brachial plexus block using a nerve stimulator enhanced the onset and duration of sensory and motor block and duration of analgesia without causing any major hemodynamic instability or any other systemic side effects.
II. Materials And Methods
The present study was conducted in the Operation theatres of Department of Anaesthesiology and Critical Care over a period of 1 year from july 2015 to june 2016.
Selection of Patient: A total of 80 patients undergoing elective upper limb surgeries were included in the study after taking permission from the institutional ethics Committee. The purpose and entire anaesthetic procedure was explained in detail to them and written informed consent was taken from all the patients. Inclusion Criteria: Age 18 -60 years of either sexes, Body weight of 50 kg and above, ASA physical status I and II and patients listed for upper limb surgeries involving arm and forearm.
Exclusion Criteria: Patients who were unwilling for the procedure, in ASA physical status III and above, having neurological lesions in the upper limb to be operated upon, with diabetic neuropathy, psychiatric patients, patients with history of allergy to local anaesthetics, with infection / swelling at proposed site of injection, or patient on alpha blockers or beta blockers or with bleeding disorders or patients on anticoagulants, or with any contraindication for peripheral nerve block were excluded from the study. All patients underwent routine pre-anaesthetic evaluation. After taking detailed history and clinical examination, routine and specialised investigations as per patient and case requirement were done. The patients were randomly divided into two groups of 40 each. Block was administered using the following combination of drugs Group 1: Ropivacaine 0.5% (29 ml) + Normal saline(.9%) 1 ml to make a total volume of 30 ml. Group 2: Ropivacaine 0.5% (29 ml) + Dexmedetomidine 100 μg to make a total volume 30 ml.
All the patients were given Tablet Alprazolam 0.25 mg and tab ranitidine 150 mg orally the night before surgery. All selected cases were advised to remain nil orally for fluids and solids as well, at least six hours prior to the time of performing the block. All patients were explained the Visual analogue scale (VAS) on 0-10 where 0 denoted no pain and 10 denoted worst pain.
In the operating room, an IV cannula was inserted in the contralateral upper limb and standard ASA monitoring was applied. Heart rate (HR), systolic arterial pressure (SAP) and diastolic arterial pressure (DAP), oxygen saturation (SpO2) and sedation score according to Ramsay sedation scale (RSS) were recorded before the block was performed. 21 Ramsay sedation score 1 Anxious, agitated, restless 2 Cooperative, oriented and tranquil 3 Responding to commands only 4 Brisk response to light glabellar tap 5 Sluggish response to light glabellar tap 6 No response to light glabellar tap Under strict aseptic precautions and after infiltration of 2 ml of lidocaine (2%) locally. All blocks were performed by the same anaesthesiologist, who was different from the one who prepared the study drugs. So this study was completely unbiased. Standard monitoring (non-invasive blood pressure, pulse oximetry and ECG) was commenced upon arrival to the preoperative holding area.
A 22-gauge 50-mm insulated stimulation short bevel needle (Stimuplex® A, B/Braun Medical, Germany) connected to a nerve stimulator (Stimuplex®-DIG, B/Braun, Germany) was used for all blocks. The initial nerve stimulator settings were 1.5 mA with an impulse duration of 0.1 ms. The needle position was considered to be adequate when the motor response in the hand or wrist was obtained and remained visible with a maximum current of 0.5 mA. Sensory block in the territories of median, ulnar, radial and musculocutaneous nerves was assessed by pinprick test using Hollmen scale 22 Motor block was evaluated by thumb abduction (radial nerve), thumb adduction (ulnar nerve), thumb opposition (median nerve) and flexion at the elbow (musculocutaneous nerve) using Bromage scale for upper extremity: 23 0: Able to raise the extended arm to 90° for full 2 seconds. 1: Able to flex the elbow and move the fingers but unable to raise the extended arm. 2: Unable to flex the elbow but able to move the fingers.
3: Unable to move the arm, elbow and fingers
The onset time of the sensory and motor blocks were recorded by assessment of the block every 3 min for 30 min after injection of the drug. The HR, SAP, and DAP were documented at every 5 min for 30 min and then every 10 min till completion of surgery. Sedation was assessed by RSS every 5 min for 30 min and then every 10 min till completion of surgery.
A successful block was defined as a grade 4 on Hollmen scale (sensory block in 3 or more nerve territories). The time of onset of sensory block was defined as the time between the administration of the drug and complete sensory block. Duration of sensory block was defined as the time taken from the administration of drug to complete recovery of anaesthesia on all nerves. The duration of analgesia was defined as the time to attain a visual analogue score (VAS) of >4 after the drug administration.
A grade 3 motor block on bromage scale was defined as complete motor block. Onset time of motor block was defined as the time interval between the completion of the drug administration and complete motor block. Duration of motor block was defined as the time to the recovery of complete motor function of the hand and forearm after the administration of drug.
The block was considered incomplete when any of the segments supplied by median, radial, ulnar and musculocutaneous nerve did not have analgesia even after 30 min of drug injection. These patients were supplemented with intravenous fentanyl (1 μg/ kg) and midazolam (0.02 mg/kg). When more than one nerve remained unaffected, it was considered a failed block. In this case, general anaesthesia was given intraoperatively.
The ECG was monitored constantly and only the significant changes (if any) from the base line was recorded under the heading of intraoperative complications. Duration of surgery, torniquet time and type of surgical procedure done were recorded. Following intra-operative and post operative complications were looked for -inadequacy of block, any reaction at injection site like haematoma, persistent bradycardia, persistent hypotension, oversedation-sedation score >4, any respiratory distress, fall in respiratory rate to <10 per min, fall in SpO2 to < 90%, pruritus, any symptoms or signs of local anaesthetic toxicity, any significant ECG changes and Horner's syndrome. Intra-operative medication given (if any) for sedation or management of complications were also noted and recorded. At the end of the procedure, quality of operative conditions were assessed according to the following numeric scale: Hollmen scale at an interval of every 30 minutes till the time when it fell to 1 or patient complained of pain in the post operative period. Pain was assessed by Visual Analogue Scale (VAS). VAS was recorded and assesed at an interval of every 30 minutes till the score ≥ 3. Motor Block was evaluated and recorded at an interval of every 30 minutes till the time when BS score was < 3 in the postoperative period. Time of first dose of postoperative systemic analgesic was on the basis of VAS score ≥ 3 or on demand made by the patient (whichever was early) and was noted for use as analgesia time.
Post operatively CXR was done after six hours from block administration or early if patient showed any clinical evidence of pneumothorax and finding was recorded, with their respective management. Postoperative follow up was done after 2 weeks for any neurological deficit or any other delayed complication.
III. Statistical Analysis
The data was analysed by SPSS version (Statistical Package for Social Sciences) software. Power analysis was not performed before the study. Interim analysis was performed with a power analysis and calculated from the values taken from the 40 U of group R and group D after the study was initiated. Statistical power was calculated to be 99.9% for duration of analgesia period as α -0.05, β-0.001, and was calculated to be 99.9% for sensory block period as α-0.05, β -0.001.
Unpaired t-test was applied for demographic data, haemodynamic parameters, onset and duration of sensory and motor blockade and duration of analgesia. For duration of analgesia and total duration of sensory and motor block unpaired t-test was reconfirmed with wilcoxon W and Mann-Whitney U tests. Fisher exact test was applied for assessment of quality of block. P-value was considered significant if <0.05 and highly significant if <0.001.
IV. Results
All the patients completed the study and there was no drop out or any case of block failure. There was no statistically significant difference among the patients in the two groups with respect to age, height, weight, BMI, sex ratio, duration of surgery, type of surgery and the ASA physical status [ Table 1 ]. The sensory and motor block onset was significantly quicker in group D than in group R. The mean sensory block onset time was 12.68±2.24 min in group D as compared to 21.1±6.84 min in group R. The mean motor block onset time was 17.41±5.61min in group D when compared to 32.64±6.44min in gp R. [ Table 3 ]. The duration of sensory as well as motor block was significantly prolonged in group D as compared to group R. The duration of sensory block was more in group D (802.33±154.66 min) as compared to 492.54±78.14 min in group R and the difference was highly significant.
The pain free period (time to request of first dose of analgesia) was significantly prolonged in group D (approx. 16 hours) as compared to approx. 10 hours in group R. The total analgesic consumption in 24 h postoperatively was significantly higher in group R than group D. No episode of hypoxemia or respiratory depression during 24 h period postoperatively was seen in any patient. Patients in group D were more sedated compared to group R especially the RSS score was higher in gp D in first 4 to 6 hours thereafter difference was not statistically significant . Most of the patients in our study had sedation grade ≤3. None of the patient had episodes of hypoxia. Bradycardia was observed in 10 patients in gp D (mostly within 3 hours after block) which was significant as compared to gp R where only 1 patient had bradycardia. But HR was never <55 in any of the patients of either group and this was managed efficiently by injection atropine sulfate 0.6 mg IV. Hypotension was observed in 4 patients in gp D, which was effectively treated with incremental 3 mg IV boluses of injection mephentermine or I/V fluid boluses. Again the BP was never below 80 systolic in either of the groups. Skin rash was observed in one patient belonging to group D that was treated with injection pheniramine maleate 45.5 mg IV. None of our patients had pneumothorax or horner's syndrome. There were no drop outs in our study and no incidence of a failed block.
V. Discussion
Sessler et al., demonstrated that regional anaesthesia to upper extremity is a suitable alternative to general anaesthesia and confers significant benefit to patient improving safety. 25, 26 It minimises the stress response, and avoids opioid-related complications.
Supraclavicular blocks are performed at the level of the brachial plexus trunks. Here, almost the entire sensory, motor and sympathetic innervations of the upper extremity are carried in just three nerve structures (trunks), confined to a very small surface area. Consequently, typical features of this block include rapid onset, predictable and dense anesthesia along with its high success rate. 27 But the limiting factor in the more widespread use of this block is the duration of action of the local anaesthetics available which means either use of perineural catheters for longer surgeries or addition of adjuvants which prolong the duration of motor and sensory block and analgesia.
Dexmedetomidine, a highly selective, α 2 -adrenergic agonist; has analgesic, sedative, anesthetic sparing effects when used in systemic route. 28 Use of dexmedetomidine as an adjuvant mixed with local anesthetics has been performed with neuraxial anesthesia in both adult and pediatric patients. 29, 30 We used 0.5% ropivacaine for supraclavicular block. The rationale for choosing this concentration is supported by the study done by Klein et al. in 1998 , who found that for interscalene brachial plexus block, increasing the concentration of ropivacaine from 0.5% to 0.75% failed to improve onset or duration of block, suggesting that the risk of increased total dose of local anesthetic may be avoided. 31 Hickey and coworkers have shown that 0.25% ropivacaine when used for subclavian perivascular brachial plexus block for upper limb surgery required frequent analgesia supplementation due to the low concentration of local anesthetic used. 32 Studies comparing acute toxicity of ropivacaine to bupivacaine found that ropivacaine was at least 25% less toxic than bupivacaine with regard to tolerated doses with the threshold for CNS toxicity for ropivacaine being twice that of bupivacaine. 33 Geiger and colleagues reported safe use of 1% ropivacaine up to 500 mg. In this study, upto 150 mg (0.5%) of ropivacaine was found to produce satisfactory sensory and motor blockade with stable hemodynamic profile and no sign of neuro and cardio toxicity. 34 We did not determine plasma concentration of ropivacaine in our patients but studies of systemic disposition of ropivacaine after brachial plexus injection have demonstrated that plasma concentration increases slowly and up to 250 mg have been injected in peripheral nerve block without concern. 35 The demographic profile, between two groups, which was statistically insignificant (P > 0.05) of our patients was quite similar with other research investigations and provided us the uniform platform to evenly compare the results obtained. A study on the role of dexmedetomidine for post-operative analgesia was conducted by Gupta et al in a total of 100 patients yielded similar results. 36 The mean duration of surgery and tourniquet time were almost comparable in both groups with no significant statistical difference [ Table 1 ].
From Table 2 , it is quite evident that indications of surgical procedures were almost similar in both groups and had no statistical significance. The onset time of sensory block in group D (12.68±2.24 min) was much earlier than in group R (21.1±6.84 min). Ammar and Mahmoud and Kaygusuz et al. in their studies also found significantly earlier onset of sensory block in the RD group than in the group R. 37, 38 Anjan et al and Rancourt et al in their study, however, found no difference in the onset of either sensory block or motor block in ropivacaine group and dexmedetomidine group. The onset time of motor block was also much earlier in gp D than in gp R. Ammar and Mahmoud, Gandhi et al in their study also found that motor block onset was hastened by the use of dexmedetomidine adjuvant in brachial plexus block with bupivacaine. Again in a study conducted by Marhofer et al in 36 volunteers it has been found that dexmedetomidine as adjuvant though produced early onset of motor block, sensory block was not different from the control group or i.v group. 39 Harshvardhan HS in his study comparing the effects of adding Clonidine and Dexmeditomidine to 0.75% Ropivacaine for supraclavicular nerve blocks also found a significantally faster onset time and duration of sensory and motor block with the addition of dexmeditomidine, which is same as our study. 40 In our study, the duration of sensory block (802.04±154.66 min in gp D as compared to 492.54±78.14 in gp D) was significantly longer in the dexmedetomidine group than in the control group (P < 0.001). The duration of motor block (710.138±12 min in gp D as compared to 478.12±122.68 min in gp R) was also significantly longer in the dexmedetomidine group than in the control group (P < 0.001). These findings lend support to the observations of various earlier studies by Ammar 17, 20, 37, 39, 43 Again the median duration of sensory and motor block in the dexmedetomidine plus levobupivacaine group in infraclavicular brachial plexus block were 14.78 h and 12.88 h respectively, in the study by Esmaoglu et al. A longer duration of motor block may be advantageous for orthopaedic patients in whom early ambulation may not be desired.
In 2012, Gandhi R et al conducted a study to compare the postoperative analgesic efficacy and safety of dexmedetomidine for brachial plexus blockade along with bupivacaine. They observed that dexmedetomidine group had prolonged postoperative analgesia. 44 In our study, patients of RD group required significantly less number of diclofenac sodium injection in first 24 h of post-operative period than the patients R group (P < 0.01). This finding correlates with the studies of Kaygusuz et al. Kaygusuz et al found that 11 patients of levobupivacaine group required 75 mg intramuscular injection of diclofenac sodium as rescue analgesic, whereas dexmedetomidine plus levobupivacaine group required nothing and the result was also statistically significant. Reduced requirement of rescue analgesic in the dexmedetomidine group during first 24 h of postoperative period is because of prolonged duration of sensory block.
In our study the drop in heart was observed more in dexmedetomidine group than ropivacaine group but it was managed with I/V atropine. Esmaoglu et al. also found significant bradycardia in dexmedetomidine plus levobupivacaine group than levobupivacaine alone.
The mechanism of this analgesic action is not very clear. Probabaly peripherally α2 agonists produce analgesia by reducing the release of norepinephrine and also causing inhibitory effects on the nerve fibre action potentials which is receptor independent. Central analgesia and sedation by these drugs is caused by the inhibition of release of substance P in the nociceptive pathway at the level of the dorsal root neurons and by activating the α2 receptors in the locus cerulus. The locus ceruleus is also the site of origin for the descending medullospinal noradrenergic pathway, known to be an important modulator of nociceptive neurotransmission. Dexmedetomidine and clonidine are both α2 adrenergic agonists. However the novel α2 agonist dexmedetomidine has eight times higher selectivity to α2 adrenoceptors. 41, 42 In this study, large volume and higher concentration of ropivacaine was used and in addition, close deposition of drug in the vicinity of nerve plexus using nerve locator may be the major factors in increasing the rate of satisfactory block. It is striking to note that except one patient in ropivacaine group, none of the patient in either group required supplementation. In this study, identification of brachial plexus was done with the help of nerve locater. This technique was specifically chosen as evaluation of any drug for neural blockade needs close deposition of drug in the vicinity of nerve plexus .We specially selected forearm orthopedic surgery as contraction of muscles due to nerve stimulation is unwanted in arm fractures. Another technique for administration of local anesthetic in close proximity of nerve plexus is ultrasonography guided block, which is more acceptable and useful but needs availability of sonography and experience in the technique.
Another limitation of our study was that only ASA grade I and II were included in the study for supraclavicular block. The effect of dexmedetomidine also needs to be evaluated in compromised patients (ASA grade III and IV) in whom general anaesthesia may not be possible or associated with high risk.
VI. Conclusion
We conclude that addition of dexmedetomidine (100 μg) to 29 ml ropivacaine 0.5% in supraclavicular brachial plexus block using nerve stimulator resulted in a quick onset of sensory and motor block, prolonged duration of both sensory and motor block delayed time to first request for analgesia supplementation, that is, prolonged duration of analgesia, and significantly decreased 24 h analgesic consumption and a good quality of analgesia when compared with control group (ropivacaine 0.5% alone in block).
